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(54) Trackable guide for surgical tool 

(57) A surgical guide for use with an image guided 
surgery includes first and second surfaces. At least 
three signaling devices such as infrared emitters are dis- 
posed on the first surface, and a cylindrical mounting 
boss is disposed on the second surface. A guide aper- 



ture is perpendicular to the first and second surfaces 
and extends between them. The guide aperture is con- 
figured to support a surgical tool such as a biopsy nee- 
dle. A sleeve may be placed in the aperture to support 
additional tools. 
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Description 

The present invention relates to the medical diag- 
nostic and surgical arts. It finds particular application in 
conjunction with neurosurgery and will be described 5 
with particular respect thereto. It will be appreciated, 
however, that the invention finds application in conjunc- 
tion with biopsies, endoscopic procedures, orthopedic 
surgeries, other medical procedures, industrial quality 
control procedures, and the like in which a tool or device 
must be accurately positioned in relation to an object. 

Image guided surgery systems are particularly well 
adapted to intra-cranial and spinal surgery. These sys- 
tems use diagnostic images of the patient to assist the 
physician with presurgical planning and to provide infor- 
mation relating to the position and orientation of the 
anatomy and instrumentation during a surgical proce- 
dure. Image guided surgery systems are well-suited for 
use in connection with magnetic resonance ('MR') and 
computerized tomography ('CT') images, as well as 
with other imaging modalities. 

In cranial applications, a patient reference frame 
may defined using three or more points fixed in relation 
to the patient's head. According to one method, at least 
three markers visible to the imaging device are affixed 
to the skin prior to imaging. According to another meth- 
od, anatomical reference points are used. According to 
a third method, fiducial markers may be affixed to the 
skull, for example as disclosed In U.S. Patent No. 
4,991 .579, Method and Apparatus for Providing Related 
images of the Anatomy over time of a Portion of the Anat- 
omy Using Fiducial Implants, to Allen, issued February 
12, 1991. Similar technques may be used to define a 
patient reference frame with respect to other portbns of 
the anatomy. 

An image of the patient having an image reference 
frame is then obtained. Based on the location of the 
three or more markers within the image data, the image 
and patient reference frames can be correlated. Hence, 
the position of a feature of interest within the image can 
be determined with respect to the patient reference 
frame. After image acquisitbn is complete, the patient 
can be moved as desired. The patient is subsequently 
placed in an operating room environment, for example 
on an operating table. 

The patient and operating room reference frames 
are correlated or "zeroed' by touching the surgical tool 
to the at least three markers. The position of the tool 
with respect to the cameras, and hence the position of 
the markers, is then detennined. Inasmuch as the rela- 
tionship between the patient, operating room, and im- 
age frames of reference is known, the positbn of the 
tool with respect to the image reference frame can then 
be determined. Relevant images, with the positbn of the 
surgical tool indicated thereon, are then displayed on a 
monitor. The surgeon is thus provided with a real time 
indication of the positbn of the surgical tool with respect 
to the previously obtained image. 



Various surgical procedures require accurate place- 
ment of surgical tools In relation to the body. The accu- 
rate placement of these devices requires the determi- 
natbn of the trajectory and depth to the intended target. 
When the trajectory and depth Information is deter- 
mined, it is necessary to preserve that infom^tion. and 
then effectively use it for placement of the surgical de- 
vice. One potential problem is that the orientation of the 
surgical device may intentionally or unintentk>nally 
change during placement of the device. 

According to a first aspect of the invention, an ap- 
paratus for gukJing a surgical toot Includes a first and 
second major surfaces in spaced relation to each other. 
The apparatus also includes a guide aperture which in- 
tersects the first and second major surfaces. The aper- 
ture defines a guide axis and is configured to support 
the surgical tool ak>ng the guide axis. A plurality of po- 
sition signaling devices having a known relation to the 
guide axis are adapted for operative communication 
with an image guided surgery system. 

According to a more limited aspect of the invention, 
at least three position signaling devices are disposed on 
the first major surface. 

According to another nrK>re limited aspect of the 
present invention, the apparatus includes a means such 
as a boss having a cylindrical exterior surface for attach- 
ing the apparatus to an instrument holder. According to 
a still more limited aspect, the means for attaching is 
disposed on the second major surface. According to an- 
other still more limited aspect of the present invention, 
the means for attaching defines a bngitudinal axis which 
is parallel to the guide axis. 

According to another more limited aspect of the In- 
vention, the apparatus includes a sleeve which is insert- 
able within the guide aperture and which is adapted to 
support a desired surgical tool. 

According to another more limited aspect of the in- 
vention, the first major surface has at least a first trans- 
verse dimension and a distance between the first and 
second major surfaces which is less than the first trans- 
verse dimension. 

According to other more limited aspects of the in- 
vention, the positbn signaling devices may be reflective 
elements or an infrared emitters, the first major surface 
may be rectangular, circular, or x-shaped. and at least 
three position signaling devices may be disposed in a 
plane orthogonal to the guide axis. 

According to yet another aspect of the invention, an 
apparatus for guiding the application of a surgical toot 
in relation to an object includes an image guided surgery 
system and a surgical guide. The surgical guide in- 
cludes means for supporting the surgical tool along a 
guide axis and three position signaling devices adapted 
for operative communication with the image guided sur- 
gery system. The three position signaling devices are 
disposed in a plane which does not include the guide 
axis. 

According to a more limited aspect, the plane Is or- 
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thogonal to the guide axis. According to another more 
limited aspect, the surgical guide includes a first major 
surface upon which the three position signaling devices 
are disposed and a second major surface parallel to the 
first major surface and perpendicular to the guide axis. 

According to yet another more limited aspect of the 
Invention, the means for supporting includes an aper- 
ture which intersects the first and second surfaces. Ac- 
cording to a still more limited aspect of the invention, the 
means for supporting includes a sleeve which is insert* 
able in the aperture. The sleeve is configured to support 
a desired tool. 

Apparatus for and a method of guiding the applica- 
tion of a surgical tool, in accordance with the invention, 
will now be described, by way of example, with refer- 
ence to the accompanying drawings, in which: 

Figure 1 is a perspective view of a surgical guide 
according to the present invention; 

Figure 2a is a top view of a guide block according 
to the present invention; 

Figure 2b is a bottom view of a guide block accord- 
ing to the present Invention; 

Figure 2c is a left side view of a guide block accord- 
ing to the present Inventton; 

Figure 2d is a right side view of a guide bbck ac- 
cording to the present invention; 

Figure 3a is a top view of a cover according to the 
present invention; 

Figure 3b is a side view of a cover according to the 
present invention; 

Figure 3c is a bottom view of a cover according to 
the present Invention; 

Figure 4a is a side view of an altemate embodiment 
of a surgical guide according to the present inven- 
tion; and 

Figure 4b is a top view of an altemate embodiment 
of a surgical gukie according to the present inven- 
tk>n. 

The present Invention is preferably operated In con- 
junction with an Image guided surgery system such as 
disclosed in our U.S. Patent No. 5.517.990, Stereotaxy 
Wand and Tool Guide, to Katfas. et al. issued May 21 . 
1996 and expressly incorporated by reference herein. 
In a preferred application, an infrared localizer is used. 
The localizer includes two spaced apart infrared camer- 
as, which are located in the operating room and define 
an operating room reference frame. The cameras are 



4 

mounted in a generally stationary tocation. for example 
on the operating table, on the ceiling or wall, or on a 
stand. 

A surgical tool, guide, or other devk:e for use with 
5 the infrared cameras includes at least three infrared 
emitters having a known relationship to the tip or other 
feature of the tool. Additional emitters may also be used 
to permit continued tracking of the device In the event 
that the line of sight between one or more of the emitters 
becomes interrupted and to provide increased accura- 
cy. Depending on the characteristics of the localizer, 
fewer emitters may also be used. Based on the signals 
detected by the cameras, the position of the surgical tool 
or device with respect to the operating room reference 
frame can be determined. Thus, the localizer system 
can be used to determine the position of at least one 
surgical tool. 

With reference to Figure 1, a surgical guide 2 in- 
cludes position signaling devices such as infrared emit- 
ters 4a-4d. While the invention is described for use with 
an infrared localizer, it will be appreciated that alternate 
position signaling devices, such as infrared detectors, 
sonic receivers or transmitters, or reflective elements 
may be used depending on the requirements of the par- 
ticular kx:alizer system. In an alternate embodiment, the 
emitters 4a-4d could be replaced by a rigidly attached 
mechanical arm capable of recording the positk)n of the 
block. 

The surgical guide also includes a mounting struc- 
ture such as a boss 104 having a cylindrical exterior. 
The cylindrical boss 104 is used to attach the surgical 
guide 2 to an instrument holder. The mounting structure 
can be located anywhere with respect to the emitters 
4a-4d, but should not interfere with the line of sight be- 
tween the emitters 4a-4d and the detectors. In one em- 
bodiment, the a hokjing device such as a Greenberg 
clamp is affixed to the cylindrical boss 1 04. The surgical 
guide 2 can thus be mounted in a known and selectively 
variable relationship to an operating table, patient, pa- 
tient hokjing device, or other kx^ation in the operating 
room, 

A guide staicture such as a guide aperture 106 
which supports a surgical tool such as a wand, probe, 
drill, bbpsy guide, radiation source, or the like extends 
from the top 1 1 1 to the bottom 1 1 3 surface of the surgical 
guide 2 and is orthogonal with respect to the top and 
bottom surfaces. The aperture 106 defines a gukje axis 
for guiding the application of the surgical tool. A set 
screw 212 holds the surgk:al device in a desired position 
within the guide aperture 106. The cylindrical boss 104 
and the emitters 102a-d are mounted on opposite sides 
of the guide block 100 to make room for the guide ap- 
erture 106 and to reduce the likelihood of the mounting 
structure interrupting the line of sight between the emit- 
ters 4a-4d and the cameras. 

Because the location of and axis defined by the 
gukle aperture 106 with respect to the emitters 4a-4d 
are known, the trajectory of a surgical device inserted 
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in the guide aperture 106 can be continuousty deter- 
mined using the Icx:ali2er. The surgical guide 2 is char- 
acterized prior to use, i.e. the precise positional relation- 
ship between the emitters 4a-4d and the other compo- 
nents of the guide 2 (in particular the guide aperture 106) 
IS determined and stored in memory. In a preferred em- 
bodiment, the informatbn is stored In programmable 
memory mounted inside the surgical guide 2. Alterna- 
tively, the memory could be located in a connecting ca- 
ble, digitizer, or computer system. 

With references to Figures 2a. 2b. and 2c. the sur- 
gical guide includes a guide block 100 and a cover 200. 
The mounting boss 104 is mounted to the bottom sur- 
face 11 3 of the guide block with the longitudinal axis of 
the boss 104 orthogonal to the bottom surface 113 and 
parallel to the guide axis. Guide aperture 106 extends 
from the top surface 120 to the bottom 122 surface of 
the guide block 106. and an aperture 108 for accepting 
the set screw 212 extends between an exterior surface 
of the guide block 100 and the guide aperture 106. Wir- 
ing ingress and egress is through the wiring aperture 
109. 

With reference to Figures 3a, 3b. and 3c. the cover 
200 includes emitter apertures 1 02a-1 02d into which the 
emitters 4a-4d may be mounted. The cover 200 also in- 
cludes an aperture 126 which corresponds to the guide 
aperture 106 and forms a part thereof. The cover 100 
mates with the upper surface 120 of the guide block 100 
and is fastened thereto using screws whbh extend 
through screw holes 128a-128d and engage corre- 
sponding blind holes 1 30a-1 30d in the cover 200. When 
installed, the cover 200 forms the upper surface 111 of 
the surgical guide 2. 

The guide block 100 and cover 200 may also take 
other configurations. In a particularly advantageous al- 
ternate configuration which is illustrated in the perspec- 
tive view of Figure l.the cylindrical boss 104 forms part 
of the cover 200, while the emitter apertures are located 
on the opposite surface of the guide block 100 so that 
the emitters 4a-4d are mounted to the guide block 1 00. 
Thus, the guide block 100 forms the upper surface 111 
of the surgical guide 2 while the cover 200 forms the 
lower surface 112. Installation of the emitters 4a-4d and 
routing of wiring is thereby simplified, while the overall 
configuratbn of the surgical guide 2 remains un- 
changed. 

In a preferred embodiment, the guide aperture 106 
is a cylindrical hole compatible with a common biopsy 
guide, although it could be of other suitable shape or 
size. The distance between the upper 1 1 1 and lower 1 1 3 
surfaces of the surgical guide 2 (with the cover 200 in- 
stalled) is 0.750 inches (1 .905 cm), and the guide block 
is 2.5 inches (6.35 cm) by 2.5 inches (6.35 cm). The 
guide aperture 106 has a length of 0.750 inches (1.905 
cm) and a diameter of 0.270 inches (0.666 cm). 

The surgical guide 2 may also be used with surgical 
tools other than biopsy guides or which require alternate 
guide dimensions. With reference to Figure 4, a guide 



member such as an annular cylindrical sleeve 210 may 
be inserted into the guide aperture 1 06 and secured us- 
ing the set screw 212 inserted in aperture 106. The di- 
mensions of the sleeve 210 are selected to accommo- 
s date and provide adequate support for a desired surgi- 
cal tool. By way of example, the length and internal di- 
ameter of the sleeve 210 may be selected to accommo- 
date a particular drill bit. Alternatively, a clamp could be 
affixed to the surgical tool. The clamp in turn holds the 
10 tool during use. 

While the surgk^al guide has been described as 
having a generally block-like shape, other configura- 
tions are possible. For example, the emitters may be af- 
fixed to an x-shaped or similar structure in which the 

IS emitters are maintained in a desired spacing and con- 
figuration. With reference to Figure 4a and 4b. the sur- 
gical guide 2 may, rather than being square, take on a 
disc shape. A particular advantage of such a configura- 
tion is that attachment to a Greenberg clamp or other 

20 hokiing device is facilitated. The guide block may also 
be integrated into the holding device. 

To provide a reference surface, the surface 111 of 
the surgical guide whk:h ordinarily faces the surgeon is 
preferably planar and orthogonal to the guide axis de- 

2S fined by the guide aperture 106. Alternately, the refer- 
ence surface may be a target point on the surgical guide, 
for example a geometrically distinct region such as a 
small divot or a point nnarked with a marking such as an 
"x." Preferably, however, the reference surface is clearly 

30 identifiable as such by the surgeon. 

The surgeon uses the surgical guide 2 by moving it 
in relationship to the patient and referring to correspond- 
ing images displayed on a computer monitor. The posi- 
tion of the guiding mechanism or aperture 106 is deter- 

3S mined by the localizer, and this Information is commu- 
nicated to the surgeon through the concept of a 'virtual 
tip/ Thus, the position and trajectory defined by the 
guide aperture 1 06 can be calculated and displayed with 
respect to relevant images of the patient even if a tool 

40 Is not inserted in the guide aperture 106. The distance 
along the guide axis to a desired point within the patient 
may also be computed and displayed. 

When the surgical guide 2 has been properly posi- 
tioned, it is fixed in place. The guide Is ordinarily placed 

45 close to. but not in physical contact with, the patient. The 
guide may be placed in such contact, but it is not re- 
quired to provide adequate support. One the guide 2 has 
been fixed in place, the surgical tool can be installed in 
the guide aperture 106 and the requisite surgical proce- 

so dure performed. Alternately, the tool may first be placed 
in the guide aperture 106 and the surgical guide 2 ad- 
justed as desired. If the trajectory of the device or the 
distance required to reach the target changes during the 
surgical procedure, that information is communicated to 

ss the surgeon via the display so that any necessary ad- 
justments may be made. It should be noted that, when 
used in connection with the surgical guide 2, it is not 
necessary that the surgical tool be equipped with its own 
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signaling devices. 

Inasmuch as U^e reference surface defines a sur- 
face which is orthogonal to the guide axis (or alternately 
defines a point in a plane orthogonal to the guide axis), 
the reference surface may be used to determine or verify 
the distance, along the guide axis, between the refer- 
ence surface and a target point within the patient. Thus, 
for example, the surgeon may touch the tip of a toot to 
the reference surface. The distance between the refer- 
ence surface and the target point as determined based 
on the position of the tool may be compared to the po- 
sition determined based on the position of the surgical 
guide. A variation in these distances indicates that rec* 
atibration of the tool, the surgical guide, or both may be 
needed. 

Among the advantages of the described emtxxji- 
ments are that: accurate posrtbning of a surgical tool is 
facilitated; a surgical guide is provided which can be 
used to guide a variety of surgical tools but which is easy 
to use and unobtrusive; interference between the line of 
sight and the emitters due to the mounting structure is 
minimized; it is not necessary to place the surgical guide 
in physical contact with the patient; and attachment to 
a holding device is facilitated. 

The surgical guide is usable in connection with an 
image guided surgery system and can be used to accu- 
rately place a surgical tool. The device allows the sur- 
geon to determine readily the trajectory and position de- 
fined by the guide prior to the insertion of the tool. The 
guide is unobtrusive, easy to use, and usable with a va- 
riety of surgical tools. Once a desired position has been 
determined, the guide can also be made stable so as to 
reduce the likelihood of inadvertent changes in position. 

The invention has been described with reference to 
the preferred embodiment. Obviously, modifications 
and alterations will occur to others upon reading an un- 
derstanding the preceding description. It Is intended that 
the invention be construed as including all such modifi- 
cations an alterations insofar as they come within the 
scope of the appended claims or the equivalents there- 
of. 



Claims 

1. An apparatus for guiding the application of a surgi- 
cal tool in relation to an object, the apparatus com- 
prising; a first major surface; and a second major 
surface in spaced relation to the first major surface; 
a guide aperture which intersects the first and sec- 
ond nnajor surfaces, the guide aperture defining a 
guide axis and being configured to support the sur- 
gical tool along the guide axis; and a plurality of po- 
sition signaling devices having a known relationship 
to the guide axis, the signaling devices being adapt- 
ed for operative communication with an image guid- 
ed surgery system. 



2. An apparatus according to claim 1. comprising at 
(east three position signaling devices disposed on 
the first major surface. 

5 3. An apparatus according to claim 1 or claim 2. com- 
prising means for attaching the apparatus to a hold- 
ing device. 

4. An apparatus according to claim 3. wherein the 
10 means for attaching comprises a boss having a cy- 
lindrical exterbr surface. 

5. An apparatus according to claim 3, wherein the 
means for attaching is disposed on the second nna- 

is jor surface. 

6. An apparatus according to claim 5, wherein the 
means for attaching defines a longitudinal axis and 
the longitudinal axis is parallel to the guide axis. 

20 

7. An apparatus according to any one of claims 1 to 6. 
comprising a sleeve which is insertable within the 
guide aperture and which is adapted to receive a 
desired surgical tool. 

2S 

8. An apparatus according to any one of claims 1 to 7, 
wherein the first major surface has at least a first 
transverse dimension and a distance between the 
first and second major surfaces at the location of 

30 the guide aperture is less than the first transverse 
dimension. 

9. An apparatus according to any one of claims 1 to 8, 
wherein the position signaling devices comprise 

3S one of reflective elements and infrared emitters. 

10. An apparatus according to any one of claims 1 to 9. 
wherein the first major surface is rectangular, circu- 
lar or x-shaped. 

40 

11. An apparatus according to any one of claims 1 to 
10. wherein there are at least three position signal- 
ing devices disposed in a plane orthogonal to the 
gukje axis. 

45 

12. An apparatus for guiding the application of a surgi- 
cal tool in relation to an object, the apparatus com- 
prising: an image guided surgery system; and a sur- 
gical guide comprising three position signaling de- 

so vices adapted for operative communication with the 
image guided surgery system, the three position 
signaling devices disposed in a plane; and means 
for supporting the surgical tool along a guide axis, 
which guide axis does not lie within the plane. 

55 

13. An apparatus according to claim 12. wherein the 
plane is orthogonal to the guide axis. 
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14. An apparatus according to claim 12 or claim 13. 
wherein the surgical guide comprises a first major 
surface and the means for supporting comprises a 
guide aperture which intersects the first major sur> 
face. 

15. An apparatus according to any one of claims 12 to 

14, wherein the three signaling devices are dis- 
posed on the first major surface. 

16. An apparatus according to any one of claims 12 to 

15, comprising a mounting boss disposed on the 
first major surface. 

17. An apparatus according to claim 12 wherein the sur- 
gical guide comprises a first nnajor surface, the 
three position signaling devices being disposed 
thereon; a second major surface parallel to the first 
major surface and perpendicular to the guide axis. 

18. An apparatus according to any one of claims 12 to 
17, wherein the means for supporting comprises an 
aperture which intersects the first and second sur- 
faces. 

19. An apparatus according to claim IB, wherein the 
means for supporting comprises a sleeve insertable 
within the aperture, the sleeve being configured to 
support a desired tool. 

20. An apparatus according to any one of claims 12 to 

19, wherein the surgical guide comprises four sig- 
naling devices. 

21. An apparatus according to any one of claims 12 to 

20, comprising means for defining a reference sur- 
face. 

22. A method for guiding the application of a surgical 
tool, the method comprising the steps of: position- 
ing a surgical guide in relation to a patient, the sur- 
gical guide comprising a structure configured to 
support the surgical tool along a guide axis; at least 
three position signaling devices adapted for opera- 
tive communication with an image guided surgery 
system and disposed in a plane orthogonal to the 
guide axis; using an image guided surgery system 
to determine a position of the guide axis; and using 
the surgical guide to support the surgical tool. 

23. A method according to claim 22, wherein the struc- 
ture configured to support the surgical tool compris- 
es an aperture and further comprising the step of 
inserting within the aperture a member configured 
to support the surgical tool. 

24. A method according to claim 22 or claim 23, wherein 
the surgical guide comprises a first major surface. 



a second major surface in spaced relation to the first 
major surface and parallel thereto, and a mounting 
structure disposed on the second major surface, the 
position signaling devices being disposed on the 
5 first major surface. 
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